and Garber et al. (Pseudomonas Newsl., vol. 9, 1984) found that a fimbriae-deficient strain of P. aeruginosa agglutinated papain-treated human erythrocytes as well as erythrocytes from rabbits, chickens, dogs, and rats. Moreover, sugars were incapable of hemagglutination inhibition, but a partial inhibition of hemagglutination was observed with fetuin and normal human serum. We now show that several strains of P. aeruginosa have the ability to hemagglutinate and that the hemagglutination depends on hydrophobic interactions, and probably not on lectin-carbohydrate complexes.
For many gram-negative bacteria, lectin-mediated interactions appear to be involved in adherence to animal cells. For example, fimbrial lectins of Escherichia coli, Klebsiella pneumoniae, and Salmonella typhimurium interact with mannose-containing oligosaccharides on erythrocytes, resulting in hemagglutination (2, 3, 7; I. Ofek and N. Sharon, in D. Mirelman, ed., Microbial Lectins and Agglutinins, in press). For Pseudomonas aeruginosa, the determinants of adherence to animal cells have not been clearly established (8) . Ramphal and Pyle (9) 9, 1984) found that a fimbriae-deficient strain of P. aeruginosa agglutinated papain-treated human erythrocytes as well as erythrocytes from rabbits, chickens, dogs, and rats. Moreover, sugars were incapable of hemagglutination inhibition, but a partial inhibition of hemagglutination was observed with fetuin and normal human serum. We now show that several strains of P. aeruginosa have the ability to hemagglutinate and that the hemagglutination depends on hydrophobic interactions, and probably not on lectin-carbohydrate complexes.
P. aeruginosa strains GEL (gelatinous), MCD (mucoid), DWF (dwarf), CLS (classic), and RGH (rough) were characterized in a previous study (1) . P. aeruginosa G-6 was a strain deficient in fimbriae and in the internal mannose-and galactose-specific lectins (4, 5 erythrocytes by bacteria frequently occurs because of the presence of lectins on the latter. Attempts to demonstrate a lectin-mediated hemagglutination by P. aeruginosa were therefore made. In these experiments, sugars or sugarcontaining polymers were used in an effort to inhibit hemagglutination. Simple sugars were found to be without effect on the hemagglutination reactions (Table 2 ). In contrast, compounds such as 4-methylumbelliferone, 4-methylumbelliferyl-a-D-mannoside, L-leucine, N-methyl-L-leucine, tryptophan, p-nitrophenol, and p-nitrophenyl-containing saccharides were capable of hemagglutination inhibition. In addition, yeast mannan, fetuin, asialofetuin, and ovalbumin were observed to be inhibitors. The most effective inhibitors of hemagglutination were 4-methylumbelliferone, p-nitrophenol, fetuin, and asialofetuin. When 4-methylumbelliferone (1 mg/ml, final concentration) was incubated with erythrocytes for 1 h at 37°C and then cells were washed twice with PBS, there was no change in titer with the bacteria. The similar incubation of P. aeruginosa with 4-methylumbelliferone, however, resulted in a loss of titer from 1:64 to 1:8, suggesting that 4-methylumbelliferone was binding to the bacterial surface.
The ability of the yeast mannan to inhibit hemagglutination may be related to the fact that mannan preparations have contaminating proteins. Our yeast mannan preparation contained 10.4% (wt/wt) protein, based on the standard Lowry assay. It is thought that fetuin, asialofetuin, and ovalbumin have hydrophobic domains which can bind to hydrophobic sites on the bacteria, erythrocytes, or both. We can find no basis for believing that lectin-like interactions are involved in the hemagglutination of erythrocytes by the P. aeruginosa strains examined by us. This does not, of course, exclude the possibility that other strains possess surface lectins (11) or that even our strains may express lectins under the proper conditions. Hydrophobic forces alone may account for the hemagglutination reactions. The inhibition of adherence of P. aeruginosa to buccal cells by fibronectin may be a result of the interaction of hydrophobic sites (10) between the epithelia and the protein. Fibronectin may possess hydrophobic domains (14) capable of binding to hydrophobic residues on buccal cells, thereby masking receptor sites for bacteria. Hydrophobic bond formation has also been implicated in the adhesion of Streptococcus sanguis to saliva-coated hydroxylapatite (6) . When the washed P. aeruginosa strains were subjected to partitioning by hexadecane (10) , there was no appreciable adherence to the bacteria to the nonaqueous phase (data not shown). This does not, however, rule out the presence of hydrophobic areas that could bind to complementary sites on erythrocytes. The results of this work suggest that, when studying the adherence and colonization of P. aeruginosa, interactions based on hydrophobic bonds must be considered.
